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Abstract 391 – Figures 1–3
software applies an automated grayscale thresholding technique
to the raw grayscale image (Figure 1) and provides the reader with
regions for segmentation (Figure 2). Reader judgment is used to
select the appropriate region or regions that cover the areas of
BME and to reject irrelevant areas (Figure 3). The total segmented
volume was used as a measure of BME. The segmentation was
performed two times by one reader (RB), one week apart, and
once by a second reader (TI). The readers were blinded to time
point and patient ID. The inter and intra-reader reproducibility
(average difference) was measured. Linear regression analysis
was used to assess the association between the BME volume and
the KOOS pain subscale.
Results: The software method required an average of less than
5 minutes per knee. The mean and standard deviation of BME
volume was 650.7±1005 mm3 and 651±1030 mm3 for baseline
and follow-up visits respectively. The inter-reader and intra-reader
reproducibility for BME volume was 0.19 and 0.21, respectively.
The correlation (R value) between the BME and KOSS pain
subscale was 0.16 and 0.01 for the baseline and follow-up visits
respectively. The correlation between the change in KOOS pain
subscale versus change in the Quantity of BME longitudinally was
0.36. Twelve subjects showed increase and 8 subjects showed
decrease in the average amount of BME in the course of 24
months.
Conclusions: We have documented a fast, moderately repro-
ducible, semi-automated software method to segment BME on
knee MR acquisitions. Our study suggests that a weak correlation
exists between the measured amount of BME and the KOOS pain
subscale cross-sectionally but a stronger correlation exists when
change is measured. Further studies with a larger sample size
are needed to better elaborate this correlation. Additional improve-
ments to the software tool should improve the reproducibility.
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BONE MARROW EDEMA-LIKE LESIONS IN
OSTEOARTHRITIC SUBJECTS EXHIBIT ALTERED
TRABECULAR STRUCTURE AND COMPOSITION
G.J. Kazakia, D. Kuo, J. Schooler, S. Shanbhag, S. Majumdar,
M. Ries, X. Li
UCSF, San Francisco, CA
Purpose: In osteoarthritis (OA), changes in cartilage pathology
may be accompanied by alterations within underlying subchondral
and trabecular bone. Bone marrow edema-like lesions (BMEL) are
commonly seen in OA and have been correlated with cartilage
defects and OA progression. However, our knowledge of bone tis-
sue changes within BMEL is very limited. Therefore, the purpose
of this pilot study was to evaluate bone structure and mineral-
ization within BMEL using high resolution peripheral quantitative
computed tomography (HR-pQCT) imaging and Fourier transform
infrared (FTIR) spectroscopy
Methods: Six tibial plateau specimens containing cartilage and
subchondral bone were collected from patients undergoing total
knee replacement due to severe osteoarthritis. The specimens
were evaluated via ex vivo MRI (Signa 3T, GE) using T2-weighted
Figure 1. MR image (top) illustrating BMEL region and matched HR-pQCT
image (bottom) displaying trabecular structure.
fat-saturated fast spin echo images to identify and locate re-
gions of BMEL within the trabecular compartment (Fig. 1). Each
specimen was then imaged using HR-pQCT (XtremeCT, Scanco
Medical AG) to determine bone structure measures within the
BMEL region and within an adjacent region (>2 cm outside BMEL
border) displaying normal marrow signal on MRI. Images were
acquired at a nominal isotropic resolution of 41 micron, and bina-
rized using an automated iterative thresholding scheme. Structure
measures, including bone volume fraction (BV/TV), and appar-
ent density were quantiﬁed. Following imaging, a 3 mm slice
containing the BMEL was cut from each specimen, marrow was
removed, and two 3 mm diameter punches were taken from each
slice for FTIR spectroscopy. One punch was taken from within the
BMEL region, and the second from the non-BMEL region. FTIR
spectroscopy was performed on a benchtop interferometer system
(Nexus 870, Thermo Electron). Spectra were acquired using 256
scans at 4 cm-1 spectral resolution. Integrated areas of the col-
lagen amide I (1600-1700 cm-1) and phosphate (PO4, 900-1200
cm-1) bands were determined from baseline-corrected spectra.
Mineral-to-matrix ratio (PO4/amide I) was calculated. Wilcoxon
sign-rank tests for paired samples were conducted to assess
differences between measures in BMEL and non-BMEL regions.
Results: Bone tissue within BMEL was found to have signiﬁcantly
higher BV/TV (Fig. 2: BMEL 0.45±0.06, non-BMEL 0.36±0.06,
p=0.03) and apparent density (BMEL 373±86 mgHA/cc, non-
BMEL 183±85 mgHA/cc, p=0.03). Bone tissue within BMEL was
found to have signiﬁcantly lower mineral-to-matrix ratio than the
adjacent tissue (BMEL 5.1±0.4, non-BMEL 5.6±0.4, p=0.03).
Figure 2. Mineral-to-matrix ratio and bone volume fraction for paired BMEL and
non-BMEL regions.
Conclusions: Our results indicate that regions of BMEL are
associated with increased bone volume and reduced tissue min-
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eralization. The fact that these changes exist within the BMEL
regions but not in adjacent regions (also from an osteoarthritic
joint) imply a localized imbalance in bone formation and miner-
alization speciﬁc to the BMEL region. These results suggest that
BMEL may be implicated in abnormal bone turnover in regions
underlying cartilage defects, and therefore may be a therapeutic
target and prognostic marker of OA progression.
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Purpose: Varus and valgus angulations of the Hip-Knee-Ankle
(HKA) angle are potent risk factors for osteoarthritis (OA) progres-
sion. They also strongly inﬂuence surgical outcomes for osteotomy
and Total Knee Arthroplasty. The Femoral Shaft-Tibial Shaft angle
(FS-TS) is often used to estimate HKA when full-length radio-
graphs are not available. While studies suggest a good correlation
between HKA and FS-TS, this may not be the case for different
varus/valgus angulations, and various image types (short versus
full limb images). The purpose of this study was to determine if
FS-TS measured using different femoral and tibial shaft lengths on
a radiograph obtained in knee extension is a valid and clinically-
useful substitute for HKA.
Methods: 120 full-length radiographs were chosen from a large
cohort study of persons with and at risk of knee osteoarthritis, 30
in each of 4 groups based on HKA (≥5.0° varus, 0.0°-4.9° varus,
0.1°-4.9° valgus, ≥5.0° valgus). HKA and 4 versions of FS-TS,
using 2/3, 1/2, and 1/3 of the femoral and tibial shaft lengths,
and 10 cm from the knee, were measured from each full-length
radiograph using custom computer software (Horizon Surveyor,
OAISYS Inc.). Using HKA as the gold standard, we determined
the appropriate offset corrections (with conﬁdence intervals) for
the different lengths of FS-TS. We computed Pearson correlations
of HKA with different FS-TS lengths, for all knees and for each
alignment group. The extent of the femoral and tibial shafts seen
on a typical knee radiograph was also evaluated.
Results: The mean offset between HKA and all lengths of FS-
TS for all knees was 5.4° and correlations between HKA and
FSTS for were excellent (r range 0.88 to 1.00). However for each
of the four alignment groups the correlations were much lower,
especially for 10 cm FS-TS (r range 0.41 to 0.66). The offset
between HKA and FS-TS for varus knees increased from 5.1° to
7.0° as the shaft length for FS-TS decreased. The opposite was
true for valgus knees (from 5.0° to 3.7°). The 95% conﬁdence
intervals for the difference between HKA and FS-TS increased
from less than 3.0° for the full-length FS-TS to over 8.3° for the
10 cm FS-TS, indicating that the shorter the FS-TS, the less
consistent its relation with HKA even with an offset correction.
Only 1/3 FS-TS and 10 cm FS-TS points were visible on a typical
knee radiograph.
Conclusions: Using an offset based on anatomic alignment (FS-
TS) measured from short knee radiographs does not provide
a consistently accurate estimate of HKA. As knee deformity in-
creases with OA progression, the offset between FS-TS and HKA
changes. Full limb ﬁlms, either with a long FS-TS image or, ide-
ally, revealing the whole limb are needed to consistently estimate
HKA.
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A.K. Fotinos-Hoyer1, A. Guermazi1, H. Jara1, A. Ozonoff1,
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Purpose: Synovitis in knee osteoarthritis (OA) is common and
represents a ﬂuctuating and potentially reversible feature of OA.
Interventional measures targeting synovitis require imaging vali-
dation such as magnetic resonance imaging (MRI) as a surrogate
outcome. Synovitis is ideally visualized on T1w contrast-enhanced
(CE) MRI. Currently, most approaches of synovitis volume quan-
tiﬁcation use time-consuming manual segmentation. First aim of
our study was the validation of two semi-automated techniques of
determining synovitis volume with a reference standard of manual
segmentation. Secondary aim was to compare synovitis volume to
semi-quantitative (SQ) assessment of synovitis using a compre-
hensive scoring scheme.
Methods: The right knees of 32 patients with clinically deﬁned
OA were scanned using a sagittal T1w CE fat suppressed spin
echo sequence on a 1.5 T MRI system. Manual segmentation
of images was performed using proprietary software (Perceptive
Informatics, Inc.) while semi-automated segmentation algorithms
were programmed in MathCAD, at Image Processing Laboratory
(Boston University). Volumes obtained by manual segmentation
were plotted against the semi-automated methods and the distri-
butions were ﬁt with linear functions. Intraobserver reliability for
the reference standard of manual segmentation was assessed for
ﬁve randomly chosen knees that were re-segmented. Synovitis
was scored semiquantitatively from 0 to 3 at 7 different sites of the
joint (suprapatellar, intercondylar, infrapatellar, around the ante-
rior cruciate ligament, posterior to the posterior cruciate ligament
and lateral and medial perimeniscal). The summed scores were
grouped as <5 = normal, 6-10 = mild, 11-15 = moderate and >16
severe whole-knee synovitis. Correlations between the synovitis
volume obtained from manual segmentation and the summed as
well as maximum SQ scores were calculated using Pearson’s ρ
and ordinary linear regression.
Results: Manual segmentation plotted against targeted thresh-
olding yielded a slope of 1.09 and an R2 value of 0.88. Manual
segmentation plotted against Gaussian deconvolution yielded a
slope of 0.75 and an R2 value of 0.82. Re-segmented volumes
vs. the original volumes yielded a slope of 0.95 and an R2 value
of 0.92. Manual segmentation required between 45-75 minutes
per case whereas the semi-automated methods required 10-15
minutes per case.
Figure 1. Manual vs Automated segmentation.
